Abstract. Non-destructive testing d multilayer dielectric coatings (SiOn/TiOn structure) has been carried out using the photoacoustic technique. This technique makes use d a 10 mW He-Ne laser, a photoacoustic cell and a lock-in amplifier. The chopped H%Ne laser beam is ailowed to fall on the sample placed in a photoacoustic cell. The acoustic signals thus generated are detected using a microphone and the resulting output is processed by a lock-in amplifier. The amplitude and phase o f the signals were measured as afunction of the chopping frequency. Striking step-like variations are observed in me phase against frequency plot which dearly reveals the different layers present in the multilayer structure.
Introduction
The photoacoustic (PA) effect has been proven to be an effective and sensitive tool in studying optical and thermal properties of solids, liquids and gases. By using the PA technique one can obtain quantitative information on the sample properties such as the thermal diffusivity, optical absorption coefficient or thickness of a thin film specimen. In addition, by changing the chopping frequency of incident radiation, it is also possible to obtain a depth profile analysis of some of these properties. At high chopping frequencies, information about the sample near the surface is obtained while at low chopping frequencies, sample properties from deepcr within become accessible. This is a feature unique to the PA technique. Another important aspect of the technique is its capability to measure the optical absorption of opaque samples.
The depth profiling capability of the PA technique can be exploited advantageously to study multilayer dielectric thin films coated on a substrate. Such periodic multilayers are extensively used as optical filters and laser mirrors. Ageing of multilayers will sometimes destroy the quality due to interlayer diffusion. The PA technique can thus effectively monitor the number of layers coated or it can be used to check whether there is a reduction in the effective number of layers due to such a diffusion process. The present paper deals with this aspect of the PA technique taking two representative multilayer thin film structures, namely 13 and 7 layers of Si02 and Ti02 coated alternately on quartz substrates which act as highly reflecting mirrors at 632.8 nm.
In order to understand the principle of depth profil- (Adam and Kirkbright 1977) where / .
3 is the absorption coefficient of the top layer, p the density, c the specific heat, w the chopping frequency, p the thermal diffusion length of the bottom layer and x is the thickness of the upper layer. It is seen that the presence of a top layer causes a decrease in the signal and introduces a phase lag
The additional phase lag I I , in the PA signal will thus depend on the thickness of the top layer and the phase of the signal is quite sensitive to the presence of a boundary layer in a layered structure. l o g f - Figure 1 . Log frequency against log amplitude for carbon black.
Experimental set-up
The photoacoustic cell used in the present study is a non-resonant type. The PA signal was detected using a sensitive microphone (KnowIes-1834), the output of which was fed to a lock-in amplifier - Figure 3 . (a) Log frequency against log amplitude for 7 layer SiOn/TiOz structure. (b) Log frequency against log amplitude for 13 layer SiOz/TiOz structure.
effect in multilayer structures are also indicated.
In conclusion, it has been demonstrated that photoacoustics is an ideal technique to probe and analyse multilayer stacks non-destructively. 
